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(54) Handover method In a spread spectrum communication system 

(57) The spread spectrum communication system 
based on the CDMA-FDD system in which two or more 
carrier frequencies can be selectively used in the 
present invention is equipped with the section that car- 
ries out handover between base stations with the same 
earner frequency switched by a spreading code from a 
carrier frequency used in communication and the sec- 
tion that switches carrier frequencies within the hando- 
ver base station after handover between base stations 
is completed. This allows the mobile station to carry out 
handover between base stations with different frequen- 
cies without the mobile station transmitting/receiving 
two or more carrier frequencies simultaneously. 
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Description 

BACKGROUND OF THE INVENTION 

Reld of the Invention 

The present invention relates to digital radio com- 
munications systems used for mobile communication 
systems such as car telephones and portable tele- 
phones, in particular spread spectrum communication 
systems based on the CDMA-FDD system that carry 
out handover between base stations with different car- 
rier frequencies. 

Description of the Related Art 

Mobile communication systems such as car tele- 
phones and portable telephones use a cellular system 
for an effective use of carrier frequencies. In the cellular 
system, the service area is divided into numerous cells, 
and in each cell, communication is performed between 
one base station and a plurality of mobile stations. 
When a mobile station moves to another cell, it is nec- 
essary to switch the communication counterpart from 
the base station of the old cell to the base station of the 
new cell. This is called handover between base stations. 

FIG.1 is a processing sequence diagram for hando- 
ver in a spread spectrum communication system (port- 
able telephone system) based on the conventional 
CDMA-FDD (Code Divisional Multiple Access-Fre- 
quency Divisional Duplex) system. Symbols f1 and CO, 
etc. in FIG.1 denote carrier frequency number 1 and 
spreading code number 0, etc. Since the intention here 
is to facilitate expansion of base stations, the spreading 
code timing and frame timing are asynchronous 
between base stations. Furthermore, contjnuos trans- 
mit/receive operations are carried out by taking preven- 
tion of interference with hearing aids into account. 

The mobile station first calls base station A using 
carrier frequency number 1 for the down-link, and car- 
rier frequency number 2 for the up-link. Then, the 
mobile station carries out handover to base station B 
and enters into communication using carrier frequency 
number 3 for the down-link, and carrier frequency 
number 4 for the up-link. The operation during handover 
between base stations under this condition is explained 
below. 

The mobile station acquires synchronization of a 
spreading code and frame for down-link synchronization 
channel (f1, cO) of base station A first The mobile sta- 
tion then connects down-link communication channel 
(fl, c1) and up-link communication channel (f2, c2) in 
that order with base station A to enter into communica- 
tion with base station A. While communicating with base 
station A, the mobile station acquires synchronization of 
a spreading code and frame for down-link synchroniza- 
tion channel of carrier frequency number 3 of base sta- 
tion B (f3, c3) at the same time. After acquiring 



synchronization with base station B, the mobile station 
measures the receive level of both base station A and 
base station B and measures the timing difference 
between base station A and base station B at the same 
s time. 

If the receive level of base station B is greater than 
the receive level of base station A which is currently 
communicating, the mobile station issues a handover 
request to base station A. At this time, it also reports the 

10 information of said timing difference to base station A. 
Base station A reports the handover request received 
from the mobile station and the timing difference infor- 
mation to base station B via a base station control sys- 
tem. Base station B starts preparations for receiving the 

is mobile station and a down-link communication channel 
directed to the mobile station is transmitted using carrier 
frequency number 3. 

While maintaining the connection with base station 
A, the mobile station connects the down-link (f3, c5) and 

20 the up-link (f4, c6) of channels for communication with 
base station B. After a communication channel with 
base station B is established, the mobile station breaks 
connection with base station A. That completes hando- 
ver. 

25 In a portable telephone system based on the con- 
ventional CDMA-FDD system, when a mobile station 
carries out handover to a base station with a carrier fre- 
quency different from that of the base station with which 
it is currently communicating, it must transmit/receive 

30 two channels with different carrier frequencies simulta- 
neously. Therefore, the mobile station must be provided 
with 2 lines of transmit/receive circuits, which entails the 
problem of increasing both the hardware size of the 
mobile station and power consumption. 

35 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a 
spread spectrum communication system in which a 

40 mobile station need not transmit/receive two or more 
carrier frequencies simultaneously when carrying out 
handover to a base station with a different frequency. 

This object is achieved a spread spectrum commu- 
nication system in based on the CDMA-FDD system 

45 using a plurality of carrier frequencies selectively in 
which the spreading code timing and frame timing are 
asynchronous between base stations, including means 
for carrying out handover to the base station with the 
same carrier frequency while carrying out handover to a 

so base station with a different carrier frequency and 
means for switching carrier frequencies within the 
handover base station after handover between these 
base stations. When carrying out handover to a base 
station with a different carrier frequency, this conf igura- 

ss tion eliminates the necessity of the mobile station trans- 
mitting/receiving channels with two or more carrier 
frequencies simultaneously, allowing the hardware size 
of the mobile station to be reduced. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIQ.1 is a sequence diagram of handover between 
base stations based on the conventional spread 
spectrum communication system; 
FIG.2 is a drawing to explain handover between 
base stations; 

FIG.3 is a block diagram showing a configuration of 
the spread spectrum communication system of the 
present invention; 

FIG.4 is a block diagram showing the configuration 
of a mobile station in the spread spectrum commu- 
nication system of the present invention; 
FIG.5 is a sequence diagram in Embodiment 1 of 
the spread spectrum communication system of the 
present invention; 

FIG.6 is a flowchart of a mobile station in Embodi- 
ment 1 of the spread spectrum communication sys- 
tem of the present invention; 
FIG.7 is a sequence diagram in Embodiment 2 of 
the spread spectrum communication system of the 
present invention; 

FIG.8 is a flowchart of a mobile station in Embodi- 
ment 2 of the spread spectrum communication sys- 
tem of the present invention; 
FIG.9 is a sequence diagram of a mobile station in 
Embodiment 3 of the spread spectrum communica- 
tion system of the present invention: and 
FIG. 10 is a flowchart of the mobile station in 
Embodiment 1 of the spread spectrum communica- 
tion system of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The first mode of the present invention in a spread 
spectrum communication system based on the CDMA- 
FDD system that allows a plurality of carrier frequencies 
to be selectively used, is equipped with the section that 
carries out handover between base stations with the 
same carrier frequency switched by a spreading code 
from a earner frequency used for communication in 
progress, and the section that switches carrier frequen- 
cies within the handover base station after handover 
between those base stations is completed. This allows 
the mobile station to carry out handover between base 
stations with different frequencies without the mobile 
station transmitting/recerving two or more carrier fre- 
quencies simultaneously. 

The second mode of the present invention in the 
spread spectrum communication system based on the 
CDMA-FDD system that allows a plurality of carrier fre- 
quencies to be selectively used, is equipped with the 
section that switches from a normal communication car- 
rier frequency to a specific carrier frequency for hando- 
ver between base stations, the section that carries out 
handover between base stations with the same carrier 
frequency switched by a spreading code from said spe- 



cific carrier frequency, and the section that switches 
from said specific carrier frequency to a normal commu- 
nication carrier frequency within the handover base sta- 
tion after handover between these base stations is 
s completed. This allows the mobile station to carry out 
handover between base stations with different frequen- 
cies without the mobile station transmitting/receiving 
two or more carrier frequencies simultaneously. Fur- 
thermore, since handover is carried out at a specific car- 
lo rier frequency by securing a space in the 
communication line with several carrier frequencies, 
handover is easily achieved. 

The third mode of the present invention in a porta- 
ble telephone system based on the CDMA-FDD sys- 
is tern, switches the carrier frequency within the handover 
base station when carrying out handover between cells 
with different carrier frequencies, and then carries out 
handover between base stations at the same carrier fre- 
quency. This allows the mobile station to flexibly realize 
20 handover between base stations with different carrier 
frequencies without the mobile station transmit- 
ting/receiving two or more carrier frequencies simulta- 
neously. 

With reference now to the attached drawings, the 
25 embodiments of the present invention are explained in 
detail below: 

(Embodiment 1) 

30 The Embodiment 1 of the present invention 
describes a spread spectrum communication system 
equipped with the section that carries out handover 
between base stations at the same carrier frequency 
and the section that switches carrier frequencies within 

35 the handover base station. 

FIG.2 is a drawing to explain handover between 
base stations in a spread spectrum communication sys- 
tem based on the CDMA-FDD system (portable tele- 
phone system). In FIG.2. mobile station 105 is 

40 communicating with base station A 101 in cell A 103 
and move to cell B 104 to carry out handover to base 
station B 102. Base station A 101 and base station B 
102 are controlled by base station control system 106. 
To be concrete, as shown in FIG.3, base stations 

45 (BS) 101 and 102 are equipped with transmit/receive 
amplification section (AMP) 110, radio section (TRX) 
111 that extracts a baseband signal from the carrier, 
baseband signal processing section (BB) 113 that 
obtains data from the baseband signal, transmission 

so path interface section (HW-INT) 114. and control sec- 
tion (BS-CNT) 112 that controls the entire system. 

Base station control system (MCC) 106 that con- 
trols base stations BS 101 and 102 is equipped with 
transmission path interface section 115, switch section 

ss (SW) 1 1 6 that carries out handover between base sta- 
tions, external l/F section (EXT/INT) 117, and radio con- 
trol/exchange control section (MCC-CNT) 118. 

FIG.4 is a block diagram showing the configuration 



3 



5 



EP 0 873 034 A2 



of mobile station 105 that communicates with base sta- 
tions 101 and 102. When this mobile station 105 
receives a signal from antenna 120, it amplifies the sig- 
nal with amplifier 121 and sends it to down-converter 
122. After the carrier is eliminated by down-converter s 
122, the receive signal is divided into channel I and 
channel Q, and detected each by quasi-coherent 
demodulation section 123. Then, their respective chan- 
nel signals are passed through LPF (Low Pass Filter) 
and converted from analog to digital by A/D converter 10 
125. 

The signal converted from analog to digital is 
divided into two systems and their correlative values are 
obtained by correlators 126 and 128, and synchroniza- 
tion is detected by synchronization detectors 127 and is 
129. The A/D -converted signal is sent to correlators 126 
and 128 via delay section 1 30. These signals are further 
sent to receive SIR measuring section 131 that calcu- 
lates their receive SIR which is the receive quality and 
also sent to soft handover composing section 1 32. 20 

The receive SIR measurement result is sent to con- 
trol section 133 and control section 133 instructs syn- 
thesizer 134 to switch the carrier frequency according to 
the measurement result. Synthesizer 134 sends the 
switched carrier frequency to down-converter 122, 2s 
quasi-coherent demodulation section 123. and quadra- 
ture modulation section 140 and up-converter 141 
which will be described later. 

On the other hand, the transmit signal is frame- 
assembled by frame assembly section 135, modulated 30 
by modulator 136 and then spread through a spreading 
code by spread section 137. Then, the spread signal is 
passed through transmit filter 138, D/A-converted by 
D/A converter 139 and quadrature-modulated by quad- 
rature modulation section 1 40. This quadrature-modu- 35 
lated transmit signal is carried by up-converter 141 onto 
a carrier, amplified by amplifier 142 and then transmit- 
ted from antenna 120. 

FIG.5 is a processing sequence diagram in the 
case of handover of the spread spectrum communica- 40 
tion system (portable telephone system) based on the 
CDMA-FDD system in Embodiment 1 of the present 
invention. FIQ.6 is a flowchart of the operation of the 
mobile station in said spread spectrum communication 
system. Symbols f1 and cO, etc. in FIG.5 indicate carrier 4s 
frequency number 1 and spreading code number 0, etc. 
Since the intention here is to expand base stations, the 
spreading code timing and frame timing are asynchro- 
nous between base stations. Furthermore, continuous 
transmit/receive operations are carried out by taking so 
prevention of interference with hearing aids into 
account. 

The mobile station communicates with base station 
A by carrier frequency number 1 for the down-link, and 
by carrier frequency number 2 for the up-link first. Then. 55 
the mobile station carries out handover to base station 
B and communicates by carrier frequency number 3 for 
the down-link and by carrier frequency number 4 for the 



up-link. 

The mobile station acquires synchronization of a 
spreading code and frame for the down-link synchroni- 
zation channel (f1, cO) of base station A first (ST 101). 
Then, the mobile station connects with base station A 
by down-link communication channel (f1, cl) and up- 
link communication channel (f2, c2) in that order, enter- 
ing into communication with base station A (ST 102, 
103). The mobile station acquires synchronization of a 
spreading code and frame (ST 105) for the down-link 
synchronization channel (f1, c3) of base station B while 
communicating with base station A (ST 104). Here, the 
down-link synchronization channel has been transmit- 
ted with all carrier frequency numbers, and therefore the 
mobile station needs only to acquire synchronization for 
the down-link synchronization channel with the same 
carrier frequency number as that of the currently com- 
municating channel. It need not receive channels with 
two carrier frequencies simultaneously. 

After the mobile station acquires synchronization 
with base station B, it measures the receive level of both 
base station A and base station B (ST 106, 107) and at 
the same time measures the timing difference between 
base station A and base station B (ST 108). H receive 
level b of base station B is greater than receive level a of 
base station A currently in communication (ST 109), the 
mobile station issues a handover request to base sta- 
tion A and at this time it also reports the information of 
said timing difference to base station A (ST 110). If 
receive level b of base station B is smaller than receive 
level a of base station A, the mobile station continues 
communication with base station A. 

Base station A reports the handover request and 
timing difference information received from the mobile 
station to base station B via the base station control sys- 
tem. Base station B starts preparations for receiving the 
mobile station and sends the down-link communication 
channel (f 1 , c4) to the mobile station. The mobile station 
connects the down-link line (f 1 . c4) with the up-link line 
(f2, c2) of the communication channel with base station 
B while maintaining connection with base station A (ST 
111, 112). 

At this time, base station B uses said timing differ- 
ence information to adjust the timing of receiving the 
down-link communication channel from base station B 
at the mobile station to match the timing of receiving the 
down-link communication channel from base station A 
at the mobile station. At this time, a timing error remains 
because of a difference between the distance between 
the mobile station and base station A and the distance 
between the mobile station and base station B. There- 
fore, the mobile station needs to search the receive tim- 
ing within the range of said tinning error to acquire 
correct receive timing of the down-link communication 
channel (f1 , c4) from base station B. 

Furthermore, base station B uses said timing differ- 
ence information to acquire the receive timing of the up- 
link communication channel (f2. c2) transmitted from 
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the mobile station. Since a timing error also remains 
because of a difference between the distance between 
the mobile station and base station A and the distance 
between the mobile station and base station B, base 
station B needs to search the up-Jink receive timing s 
within the range of said timing error to acquire the cor- 
rect receive timing of the up-Bnk communication chan- 
nel (f2. c2) from the mobile station. 

The down-link communication channel (M, c4) 
transmitted from base station B to the mobile station w 
has the same carrier frequency number as that of the 
down-link communication channel (f1, d) transmitted 
from base station A to the mobile station with the only 
difference of the spreading code number. Therefore, the 
mobile station need not receive channels with two car- is 
rier frequencies simultaneously even when the mobile 
station connects communication channels to both base 
station A and base station B simultaneously. Further- 
more, the up-link communication channel (f2, c2) has 
the same carrier frequency numbers, spreading code 20 
numbers, spreading code timings, frame timings, and 
transmit information for base station A and base station 
B. 

After a communication channel for base station B is 
established (ST 1 13), the connection with base station zs 
A is disconnected (ST 114, ST 115). Then at the time of 
connection with base station B, the up-link and down- 
link carrier frequencies are switched simultaneously to 
number 4 and number 3, respectively (ST 1 16). At this 
time, the spreading code timing and frame timing 30 
remain unchanged, and therefore the mobile station 
and base station can switch earner frequencies simulta- 
neously. The time in which the communication channel 
is instantaneously disconnected due to a change of the 
carrier frequency number is determined by the perform- 35 
ance of the frequency synthesizer and can be sup- 
pressed to within several microseconds. At this time, the 
spreading code number is also changed rf necessary. 
That completes handover to base station B (ST 1 1 7). 

As described above, in accordance with the spread 40 
spectrum communication system in Embodiment 1 , the 
mobile station can carry out handover between base 
stations with different carrier frequencies with a short 
instantaneous disconnection period without the mobile 
station having the function of transmitting/receiving 4s 
channels with two carrier frequencies simultaneously. 

(Embodiment 2) 

The Embodiment 2 of the present invention so 
describes a spread spectrum communication system 
equipped with the section that switches from a normal 
communication carrier frequency to a specific carrier 
frequency for handover between base stations, the sec- 
tion that carries out handover between base stations ss 
with the same earner frequency which is switched by a 
spreading code from a specific carrier frequency, and 
the section that switches from said specific carrier fre- 



quency to a normal communication carrier frequency 
within the handover base station. 

The spread spectrum communication system in 
Embodiment 2 (portable telephone system) has the 
same configuration as that of Embodiment 1 , and there- 
fore the explanation is omitted here. FIG. 7 is a process- 
ing sequence diagram of the spread spectrum 
communication system (portable telephone system) 
based on the CDMA-FDD system in Embodiment 2 of 
the present invention in the case of handover. FIG.8 is a 
flowchart of the operation of a mobile station in said 
spread spectrum communication system. Symbols such 
as f 1 and cO in FIG. 7 indicate carrier frequency number 
1 and spreading code number 0, eta Since the intention 
here is to facilitate expansions of base stations, the 
spreading code timing and frame timing are asynchro- 
nous between base stations. Furthermore, continuos 
transmit/receive operations are carried out by taking 
prevention of interference with hearing aids into 
account. 

The mobile station communicates with base station 
A using carrier frequency number 1 for the down-Hnk 
and carrier frequency number 2 for the up-link first. 
Then, the mobile station carries out handover to base 
station B and then enters into communication using car- 
rier frequency number 3 for the down-link and carrier 
frequency number 4 for the up-link. 

The mobile station acquires synchronization of a 
spreading code and frame for down-link synchronization 
channel (f1. cO) of base station A first (ST 201). Ttie 
mobile station then connects down-link communication 
channel (f 1, c1) and up-link communication channel (f2, 
c2) in that order with base station A to enter into com- 
munication with base station A (ST 202, 203). While 
communicating with base station A (ST 204), the mobile 
station acquires synchronization of a spreading code 
and frame (ST 205) for down-link synchronization chan- 
nel (f 1 , c3) of base station B at the same time. Here, the 
down-link synchronization channel has been transmit- 
ted with all carrier frequency numbers, and therefore the 
mobile station needs only to acquire synchronization for 
the down-link synchronization channel with the same 
carrier frequency number as that of the currently com- 
municating channel. It need not receive channels with 
two carrier frequencies simultaneously. 

After the mobile station acquires synchronization 
with base station B, it measures the receive level of both 
base station A and base station B (ST 206, 207) and at 
the same time measures the timing difference between 
base station A and base station B (ST 208). If receive 
level b of base station B is greater than receive level a of 
base station A currently in communication (ST 209), the 
mobile station issues a handover request to base sta- 
tion A and at this time it also reports the information of 
said timing difference to base station A (ST 210). If 
receive level b of base station B is smaller than receive 
level a of base station A, the mobile station continues 
communication with base station A. 
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Base station A reports the handover request and 
timing difference information received from the mobile 
station to base station B via the base station control sys- 
tem. Base station B starts preparations for receiving the 
mobile station. 

"men, at the time of connection with base station A, 
the up-link and down-link carrier frequencies are simul- 
taneously switched to number 9 and number 8, respec- 
tively (ST 211). Here, number 9 on the up-link line and 
number 8 on the down-link line should be the numbers 
corresponding to the specific carrier frequencies used 
only for handover. At this time, since the spreading code 
timing and frame timing are unchanged, the carrier fre- 
quencies can be changed at the mobile station and 
base station simultaneously. The time in which the com- 
munication channel is instantaneously disconnected 
due to a change of the carrier frequency number is 
determined by the performance of the frequency syn- 
thesizer and can be suppressed to within several micro- 
seconds, At this time, the spreading code number is 
also changed if necessary. 

After switchover of the up-link and down-link carrier 
frequencies at the time of connection with base station 
A is completed, a down-link communication channel (f8, 
c7) is transmitted from base station B to the mobile sta- 
tion. The up-link and down-link carrier frequency num- 
bers used are number 9 and number 8 respectively. 
However, the spreading code number of the down-link 
communication channel should be set to a number dif- 
ferent from that sent from base station A. While main- 
taining the connection with base station A, the mobile 
station connects the down-link (f8, c7) and the up-link 
(f9, c9) of channels for communication with base station 
B (ST 212, 213). 

At this time, base station B uses said timing differ- 
ence information to adjust the timing of receiving the 
down-link communication channel from base station B 
at the mobile station to match the timing of receiving the 
down-link communication channel from base station A 
at the mobile station. At this time, a timing error remains 
because of a difference between the distance between 
the mobile station and base station A and the distance 
between the mobile station and base station B. There- 
fore, the mobile station needs to search the receive tim- 
ing within the range of said timing error to acquire 
correct receive timing of the down-link communication 
channel (f8, c7) from base station B. 

Base station B uses said timing difference informa- 
tion to acquire the receive timing of the up-link commu- 
nication channel (f9, c9) transmitted from the mobile 
station. Since a timing error also remains because of a 
difference between the distance between the mobile 
station and base station A and the distance between the 
mobile station and base station B at this time, base sta- 
tion B needs to search the up-link receive timing within 
the range of said timing error to acquire the correct 
receive timing of the up-Bnk communication channel 
from the mobile station. 



The down-link communication channel (f8, c7) 
transmitted from base station B to the mobile station 
has the same carrier frequency number as that of the 
down-link communication channel (f8, c8) transmitted 
s from base station A to the mobile station with the only 
difference of the spreading code number. Therefore, the 
mobile station need not receive channels of two carrier 
frequencies simultaneously even when the mobile sta- 
tion connects communication channels to both base 
10 station A and base station B simultaneously. Further- 
more, the up-link communication channel (f9, c9) has 
the same carrier frequency numbers, spreading code 
numbers, spreading code timings, frame timings, and 
transmit information for base station A and base station 
is B. 

After a communication channel for base station B is 
established (ST 214), the connection with base station 
A is disconnected (ST 21 5, ST 216). Then at the time of 
connection with base station B, the up-link and down- 
20 link carrier frequencies are switched simultaneously to 
number 4 and number 3, respectively (ST 217). At this 
time, the spreading code timing and frame timing 
remain unchanged, and therefore the mobile station 
and base station can switch carrier frequencies simulta- 
25 neously. The time in which the communication channel 
is instantaneously disconnected due to a change of the 
carrier frequency number is determined by the perform- 
ance of the frequency synthesizer and can be sup- 
pressed to within several microseconds. At this time, the 
30 spreading code number is also changed. That com- 
pletes handover to base station B (ST 218). 

As described above, in accordance with the spread 
spectrum communication system in Embodiment 2, the 
provision of the section that carries out handover 
35 between base stations at a specific carrier frequency 
can reduce carrier frequencies for handover between 
base stations, achieving a spread spectrum communi- 
cation system based on the CDMA-FDD system with 
high line utilization at base stations. 

40 

(Embodiment 3) 

The configuration of a spread spectrum communi- 
cation system (portable telephone system) in the 

45 Embodiment 3 is the same as that of Embodiment 1, 
and therefore its explanation is omitted here. FIG.9 is a 
processing sequence diagram of the spread spectrum 
communication system (portable telephone system) 
based on the CDMA-FDD system in Embodiment 3 of 

so the present invention in the case of handover. FIG. 10 is 
a flowchart of the operation of a mobile station in said 
spread spectrum communication system. Symbols such 
as f 1 and cO in FIG. 9 indicate carrier frequency number 
1 and spreading code number 0, etc. Since the intention 

ss here is to facilitate expansions of base stations, the 
spreading code timing and frame timing are asynchro- 
nous between base stations. Furthermore, continues 
transmit/receive operations are carried out by taking 
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prevention of interference with hearing aids into 
account. 

The mobile station communicates with base station 
A using carrier frequency number 1 for the down-link 
and carrier frequency number 2 for the up-link first s 
Then, the mobile station carries out handover to base 
station B and then enters into communication using car- 
rier frequency number 3 for the down-link and carrier 
frequency number 4 for the up-link. 

The mobile station acquires synchronization of a io 
. spreading code and frame for down-link synchronization 
channel (f1. cO) of base station A first (ST 301). Trie 
mobile station then connects down-link communication 
channel (fl, d) and up-link communication channel (f2, 
c2) in that order with base station A to enter into com- is 
munication with base station A (ST 302, 303). While 
communicating with base station A (ST 304), the mobile 
station acquires synchronization of a spreading code 
and frame for down-link synchronisation channel (f 1 , c3) 
of base station B at the same time (ST 305). Here, the 20 
down-link synchronization channel has been transmit- 
ted with all carrier frequency numbers, and therefore the 
mobile station needs only to acquire synchronization for 
the down-link synchronization channel with the same 
carrier frequency number as that of the communication 25 
channel currently in communication. It need not receive 
channels with two carrier frequencies simultaneously. 

After the mobile station acquires synchronization 
with base station B, rt measures the receive level of both 
base station A and base station B (ST 306, 307) and at 30 
the same time measures the timing difference between 
base station A and base station B (ST 308). If receive 
level b of base station B is greater than receive level a of 
base station A currently in communication (ST 309). the 
mobile station issues a handover request to base sta- 35 
tion A and at this time it also reports the information of 
said timing difference to base station A (ST 310). If 
receive level b of base station B is smaller than receive 
level a of base station A, the mobile station continues 
communication with base station A. 40 

Base station A reports the handover request and 
timing difference information received from the mobile 
station to base station B via the base station control sys- 
tem. Base station B starts preparations for receiving the 
mobile station. 45 

Then, at the time of connection with base station A, 
the up-link and down-link carrier frequencies are simul- 
taneously switched to number 3 and number 4, respec- 
tively (ST 31 1). At this time, since the spreading code 
timing and frame timing are unchanged, the carrier fre- so 
quencies can be changed at the mobile station and 
base station simultaneously. Tne time in which the com- 
munication channel is instantaneously disconnected 
due to a change of the earner frequency number is 
determined by the performance of the frequency syn- ss 
thesizer and can be suppressed to within several micro- 
seconds. At this time, the spreading code number is 
also changed if necessary. 



After switchover of the up-link and down-link carrier 
frequencies at the time of connection with base station 
A is completed, a down-link communication channel is 
transmitted from base station B to the mobile station. 
The up-link and down-link carrier frequency numbers 
used are number 3 and number 4 respectively. How- 
ever, the spreading code number of the down-link com- 
munication channel should be a number different from 
that sent from base station A. While maintaining the 
connection with base station A, the mobile station con- 
nects the down-link and the up-link of channels for com- 
munication with base station B (ST 31 2, 31 3). 

At this time, base station B uses said timing differ- 
ence information to adjust the timing of receiving the 
down-link communication channel from base station B 
at the mobile station to match the timing for receiving 
the down-link communication channel from base station 
A at the mobile station. At this time, a timing error 
remains because of a difference between the distance 
between the mobile station and base station A and the 
distance between the mobile station and base station B. 
Therefore, the mobile station needs to search the 
receive timing within the range of said timing error to 
acquire correct receive timing of the down-link commu- 
nication channel from base station B. 

Base station B uses said timing difference informa- 
tion to acquire the receive timing of the up-link commu- 
nication channel transmitted from the mobile station. 
Since a timing error also remains at this time because of 
a difference between the distance between the mobile 
station and base station A and the distance between the 
mobile station and base station B, base station B needs 
to search the up-link receive timing within the range of 
said timing error to acquire the correct receive timing of 
the up-link communication channel from the mobile sta- 
tion. 

The down-link communication channel transmitted 
from base station B to the mobile station has the same 
carrier frequency number as that of the down-link com- 
munication channel transmitted from base station A to 
the mobile station with the only difference of the spread- 
ing code number. Therefore, the mobile station need not 
receive two carriers simultaneously even when the 
mobile station connects communication channels to 
both base station A and base station B simultaneously. 
Furthermore, the up-link communication channel has 
the same carrier frequency numbers, spreading code 
numbers, spreading code timings, frame timings, and 
transmit information for base station A and base station 
B. 

After a communication channel for base station B is 
established (ST 314), the connection with base station 
A is disconnected (ST 315, ST 316). That completes 
handover to base station B (ST 31 7). 

As described above, in the spread spectrum com- 
munication system in Embodiment 3, the mobile station 
can carry out handover between base stations with dif- 
ferent carrier frequencies in a short instantaneous dis- 
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connection period without the mobile station having the 
function of transmitting/receiving two carrier frequen- 
cies simultaneously. 

As described above, in the spread spectrum com- 
munication system based on the CDMA-FDD system in s 
which a plurality of carrier-frequencies can be selec- 
tively used, the present invention eliminates the neces- 
sity of the mobile station transmitting/receiving two or 
more carrier frequencies simultaneously and makes it 
possible to flexibly use a plurality of carrier frequencies. 10 

Furthermore, the present invention needs only to 
secure free communication lines to receive mobile sta- 
tions that move into cells by carrying out handover 
between base stations for several carrier frequencies, 
achieving high line utilization at base stations. is 

The above explanation covers the case where the 
CDMA/FDD system is used. However, the present 
invention is also applicable to the case where the 
CDMA/TDD system is used. 

The signals transmitted/received in the system of 20 
present invention contain pilot symbol per user in up-link 
and down-link. 

Claims 

25 

1. A spread spectrum communication system that, 
while communicating with a first base station(101), 
communicates with a second base station(1 02) and 
carries out a handover using the same carrier fre- 
quency and a different spreading code. 30 

2. The spread spectrum communication system 
according to claim 1, wherein after handover from 
the first base station(101) to the second base sta- 
tion(102), the carrier frequency is switched during 35 
the communication with the second base sta- 
tion(102). 

3. The spread spectrum communication system 
according to claim 1 , wherein while communicating 40 
with the first base station(101), the carrier fre- 
quency is switched from the first frequency to the 
second frequency and handover is carried out from 
the first base station(101) to the second base sta- 
tion( 102), and then the carrier frequency used for 45 
the communication with the second base sta- 
tion(102) is switched from said second frequency to 
the third frequency. 

4. The spread spectrum communication system so 
according to claim 3, wherein the second frequency 

is a dedicated handover frequency. 

5. The spread spectrum communication system 
according to claim 1 . wherein while communicating 55 
with the first base station(101), the carrier fre- 
quency is switched from the first frequency to the 
second frequency, and then a handover from the 



first base statton(101) to the second base sta- 
tion(102) is carried out 

6. A mobile station apparatus(105) that, while commu- 
nicating with a first base station(101), communi- 
cates with a second base station(102) and carries 
out handover using the same carrier frequency and 
a different spreading code. 

7. The mobile station apparatus( 105) according to 
claim 6, wherein after handover from the first base 
station(ioi) to the second base station(102), the 
carrier frequency used for the communication with 
the second base station(l02) is switched. 

8. The mobile station apparatus(105) according to 
claim 6, wherein while communicating with the first 
base station(101), the carrier frequency is switched 
from the first frequency to the second frequency, a 
handover is carried out from the first base sta- 
tion(101) tothe second base station(102), and then 
the carrier frequency used for the communication 
with the second base station(102) is switched from 
said second frequency to the third frequency. 

9. The mobile station apparatus according to claim 8, 
wherein the second frequency is a dedicated 
handover frequency. 

10. The mobile station apparatus(105) according to 
claim 6, wherein while communicating with the first 
base station, the carrier frequency is switched from 
the first frequency to the second frequency and 
then a handover is carried out from the first base 
station(101) to the second base station(102). 

11. A base station apparatus that, using a earner fre- 
quency used for communication with another base 
station and a different spreading code, communi- 
cates with a mobile station which is communicating 
with said other base station. 

12. The base station apparatus according to claim 1 1 , 
wherein after a handover from another base station 
to the base station, the carrier frequency is 
switched. 

13. The base station apparatus according to claim 1 1 , 
wherein the other base station switches to said car- 
rier frequency before the mobile station enters into 
communication with the base station. 

14. The base station apparatus according to claim 13, 
wherein said carrier frequency is a dedicated 
handover carrier frequency. 
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